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I

SUMMARY

n Investigation was made to determline the effect of sweep, taper
ratio, and aspect ratlo on the asrodynemic characteristics of nine
semispen wings of NACA 65A006 airfoil section with and without split
flaps. Lift, drag, pitching-moment, and wing—2root bending-moment
characteristics were measured through a range of Reynolds nmumbers

from 1.5 x 108 to 12.0 x 106, One of these wings was tested with a
hinged leading-edge flap of varlous spene and deflections to determine
the effect of this type of flap on longltudlinel stabllity near maximum
1lift,.

For wings of aspect ratio L, increases in sweep angle increased
the meximum 11ft coefficient of the plain wings but decreased the
maximum 11t coefficlent of the wings wlth half-—span split flaps.
Rather abrupt unstable changes in pitching moment occurred at lift
coefficients well below meximum for nearly all of the swept wings
tested. Increases in sweep angle or aspect ratlo reduced the 1lift -
coefficient at which these unstable chenges occurred. - Increases in
lift—curve slope and stable changes in piltching moment occurring at
low to moderate. 11ft coefficlients for the sweptback wings were Increased
in magnitude by increase in taper ratlo asnd decrease In aspect ratlo.
Reynolds number effects were confined to the more highly sweptback
wings at low to moderate 1lift coefflclents.

INTRODUCTION

The use of sweep to delay the effects of compresslibility on the
aerodynamic characteristics of airplane wings has given rise to 'a need
for data on swept wings at both low and high speeds to ald designers in

Origma.lly issued March 211- 1950 as NACA EM L9J20.
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thelr eveluatlon of wing cheracterlistlics. Previous investigations,
references 1 and 2, for instence, have indicated pronounced scale effects
on the chearacteristics of swept wings with other than sharp leading
edges. It 1s degirable, therefore, that dete for these wings should be
obtalned et Reynolds numbers as neer as possible to those at which the
wings are expected to be uged. A number of investlgatlions of the
characteristics of swept wings at high Reynolds numbers have been meade,
but ag yot there doés not exist any related data from which the
individual effects of the plan—form variables can be evaluated.

An investigation has been started in the Langley two—dimensional low—
turbulence pressure tunnel to study, at relstively high Reynolds numbers,
the effects of systematic variations in wing geometry on the low—spe=d
serodynamic characteristics of wings for high-speed airplanes. The

- present paper presents the results of tests of a series of nine wings
having NACA 65A006 gections, covering a range of sweep angles from —45°
to 60, aspect ratios from 2 to 6, and taper ratios from 0.3 to 1.0.
Tests were made of the wings a%one end with helf-span split flaps sat
Reynolds numbers from 1.5 X 10© to 12 x 106.

One of—these wings, ofaspect ratlo 4 and with h5° pweepback of the
quarter—chord line, was tested with a hinged leading—edge flap of
various spans to determine the effect of this type of flep on longi-—
tudinal stability at the stall.

SYMBOLS

1ift coefficleént (TWiGe mi:el lift)
q;

-CI maximum 1ift coefficient

CLE highest 1ift coefficlent reached before umstable piltching-moment
break
Cp drag coefficient <TW109 model drg%?
as
Cyu pitching-moment coefficient <TWi96 model ﬂ;fching momenf)
gSc
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B

Cp wing—root bending-moment coefficlent =3
&2

B bending moment at wing root, fbot—pound.s

a free—stream dynamic pressure (%-pvf)

free—stream maesgs density, slugs per cubic foot

o
Yo free—stream veloclty, feet per second
g twlce model area, square feet
b twice model span, feet
pe-
A aspect ratio of complete wing 5
| - b/2
) mean serodynamic chord, feet % cCdy
' 0
c wing chord at any spanwise gtation, feet
A sweep of wing quarter—chord line
Cp
Y wing taper ratio [—
Cr
o engle of attack of wing chord line, degrees
R Reynolds number (EI—E) . *
chx, rate of change of 1ift coefficlent with angle of attack, degrees
Cp chord of tip parallel to plane of symmetry, feet
Cr chord of root .parallel to plane of symmetry, feet

T . spanwise distence from plane of symmetry to c/h
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z distance aslong root chord from leading edge to E/h- parallel to
plane of symmetry

'(x/'c')cp nondimensional location of chordwise center of pressure, referred

to T/b
¥ distance along semispan
8 flap deflection (in plane of symmetry), degrees
1 nondimensional spanwise locabtion (J[—
b

“GP nondimensional loceatlion of spanwlse center of presgsure

MODELS

The semlspan models tested all had NACA 654006 alrfoil sectilons
parallel. to the plane of symmetry and no twist or dlhedral, The plan—
form characteristices of the nine wings tested and some of the principal
dimensiona are shown 1n figure 1., The wing tips were rounded off both

in plen form and cross section beginning &t 0.9753.

For the sake of brevity, & system of designating these wings
gimiler to that suggested in reference 3 has been adopted which includes
the sweep angle, aspect ratlo, and taper ratio. The designation 45-4-0.6,
for instance, deslgnastes & wing whose guarter-chord line ia swept
back 45°, with an aspect ratio of 4 and a taper ratio of 0.6.

The following 1s a list of the wings tested:

—45-4-0,6 45-2-0.6 L5-4-0.3
0—40.6 (45-4—0.6) (45-4-0.6)
30-4-0.6 W5-6-0.6 Y541 .0
k54 0.6 :

60-4~0.6

The central configuration (45-4-0.6) has been placed in parentheses in
the lest two columns, since the designatlon 1s merely repeated to show
the complete series of variables.
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The models were congstructed of eluminum elloy end were polished to
a smooth finish, Each of the models could be fitted with & 0.20c half—

‘span 1nboard tralling-edge split flap deflected 60° in the plane of

symmetry. The flaps were made of bent sheet metal approximately
1/16 inch thick.

One of the models (the 45-4-0.6) was equipped with a hinged leading—
edge flap as shown in filgure 2, The chord of the flap was 0.15c¢c and -
could be deflected to various angles in sections elong the span.” The
deflections, which were measured perpendlcular to the hinge line, were
set with plates, screwed to the upper surface of the wing =snd flap,
having a radius equal to the distance from the hinge 1inse to the wing
upper surface and feired into both the wing end the flap contours. With
the leading—edge flap deflected, tests wore also made with fences on the
upper surface of the wing. The fences were made of sheet metal approxi—
metely 1/32 inch thick and 1/2 inch high. The shape and locations of -
the fences are also shown in figure 2. Photographs of the 45-4-0.6 wing
wilth and without.leading—ed.ge flaps end fences are shown in figure 3.

For model configurations with leading—edge roughness, 0,00h—inch—
dlameter cearborundum particles were lmbedded 1n a thin coat of shellac
over a length.of 0.08c from the leading edge on both surfaces.

TESTS

The tests of the semlspan models were made in the Langley two—
dimensional low—=turbulence pressure Ltunnel with a four-—component
electrical resistance—type straln-—gage balance. The validity of data -
obtalned in this semispan arrangement has been establlshed by means of
tests of & model of a wing which had previously been tested in a full—
span arrangement in the Lengley 19—foot pressure tunnel (reference 4).

Each of the models was tested with and without half-span split
trailing—edge flaps both in the smooth condition and with leadlng-edge
roughness. . Lift, dreag, pitching-moment, and wing-rodt bending-moment
date were measured from below zero 1lilft to gbove the stall for most of
the wings in the smooth conditlon through a range of Reynolds numbers

verying from 3.0 x 108 to 12.0 x 10°. Tests of the —45-4-0.6, 60-4-0.6,
45-14-1.0, and 456-0.6 wings were limited to lower Reynolds numbers
because of strength limltations of the models. The effects of leading—
edge roughness on the aerodynamic characteristics of the wings were
determined at one Reynolds number for each model. Tests were made of
the 45-4-0.6 wing equipped with a hinged leading—edge flap of various

spans and deflections at & Reynolds number of 4.5 X lO6 to determine the
effect of the flap deflection and span on longitudinal stebility at the

e wm m ow o=
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gtall, Fences were tegted on the wing with one leadingedge—flap
configuration 1n an attempt to delay spanwlse flowa.

Drag coefficlents and angles of attack were corrected for Jjet—
boundery effects by meeans of boundary-induced upwash corrections
calculated by the method of reference 5.

The highest Mach number attalned during these tests was approxi-—
mately 0.20.

PRESENTATION OF DATA

The aerodynamlc characterlgtics of the wings tested with and
without split flap and roughness are presented In Ffigures 4 to 12.
Flgures 13 to 17 present data showlng the effect of leading—edge—flap
deflectlon and span on the aerodynamlc characteristics of the
45-4~0.6 wing with and without split flaps and fences. These data are
presented ds plots of angle of attack, root bending-moment coefficient,
pltching-moment coefficient, and drag coefficient agalnst 1lift
coefflclent.

The figures in which the deta for the variocus wings are presented
are ligted in the followlng table:

~45-4—-0,6 fFigure
0—4—0.6 figure
30-4-0.6 figure
454-0.6 figure
60-4-0.6 figure

45-4-0.3 figure 9
45%4-1.0 figure 10
45-0.0.6 figure 11

hj-é—o.s figure 12

=1 W+

Summery plota of the effect of sweep engle, aspect ratio, and taper
ratlo on certaln eero amlic characteristics of the wlngs tested are
presented In figures 10 to 22, The theoretical values of lift-—curve
slope, aserodynamlc center, and spanwlsge center of pressure of the
additional load, obtained from reference 6, are presented in figures 18,
21, and 22, respectlvely. :
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RESULTS AND DISCUSSION

Characteristics of Wings Alone and wlth Helf-Span Splilt Fla.ps :

Gensrel description of vortex—flow phenomens over sweptback wings
wilth small leadlng-edge radll.— Several Investigations have been made
into the nature of the air flow sabout swept wings having smsll leading—
edge radil (references 2, T, and 8). It 1s believed that a brief
review of some of the more Important results of these studiles will ald
1n the interpretatlion of the results obtalined on the wings of the
present investlgation, These investlgations have shown that lesding—
edge separation occurs at relatively low angles of attack and spreads
repidly along the span as the angle of attack is increased. Generally
the flow closes in agaln behind the initlal separa.tion and forms a
"bubble" of separated flow,

The presswre-distrlbutlon data in reference T show no apparent
geparation at the wing root but a reglon of separated flow at other
spanwise stations which increases in chordwise extent toward the wing
tip. As the angle of attack is increased, the portlon of the chord

covered by the separated reglon increases untll, at some angle of attack,

the sectlons near the tip are completely separated. Further incresses
in angle of attack cause lncreesses 1n the extent of the completely
separated portion of the gpan.

Reference 8 ghows that a strong vortex is formed within this
bubble "and that, at low angles of attack, the core of the vortex lies
elong & line pa.ssing through the lea.ding edge of the root chord and
swept back slightly more than the wing leading edge. As the angle of
attack 1s increased, the sweep angle of the vortex core lncreases and
the portion of the vortex core meer the wing tip curves back in the
gtream direction. - Comparisons between the pressure distributlons for a
wing with a sharp leading edge -and a wing with NACA 65-006.5 airfoil
sections show that the strength of the vortex is greater for the wing
with the sharp leading edge. An Ilnvestlgetlion of the flow gbout a wing
of approximately triangular plan form (reference 2) showed that the
vortex flow was evident on & wing wlth l5—percent—thick alrfoll sections
with rounded leading edges at low Reynolds numbers but not at high
Reynolds numbers. These date also show that the vortex flow exlsted
at both Reynolds mumbers when the wing had sharp leading edges.

In a number of .Instances, the formetion of this separation—vortex—
flow pattern is accompanied by an increage in lift—curve slope. It mey
be assumed thet thls increase In 1ift 1s caused by the fact that the
gtream must flow effectlvely about a thick, highly cambered airfoll,
These increases in 1ift could be expected to exist until the angle of
attack hed been Increased to the point where complete separation exists
over the tip sections. The loss in 1ift associated with the complete

[——
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separation should then cause the lift—curve slope to decrease. The
results presented in reference 2 show rather strikingly the fact that the
meximum 1ift coefficient as well as the lift—curve slope may be increased

appreciably by the presence of the separation—wvortex—Fflow pattern.

No visual obaervatlong were made of the flow characteristics for
the wings of the present Investigatlion. In view of the relatively small
thickness ratio and leading—edge radius of these wings, however, 1t is
bellieved that a simllar separatlon—vortex—flow pettern exlsts for the
more highly swept wings tested. No conclusive evidence of this type of
Plow 1s appa.rent In the cese of the wings wilth sweep angles less
than h5 . The date for the sweptforward wing show effects similer to
those caused by the vortex on the sweptback wings elthough 1t would seem
that the flow phenomensa would be different ln scme respects from that
obgerved on sweptback wings.

Lift—curve slopes.— An examination of the data for the varlous
wings shows that at low Reynolds numbers large increases in lift—curve
slopes of the swept wings occurred at moderate angles of attack.. _(See,
for example, figs. 7(a) and 8(a).) The magnitude of these changes in
lift—curve glopes lncreased as sweep angle or taper ratio were lncreased
end as agpect ratio wag decreaged. No change wes noted for the wing of
zero sweep. As the Reynolds number was Ilncreased, the magnitude of
these changes in lift—curve slope genersally decressed, or at least the
charige In slope wasg delayed to higher angles of attack. It would seem
that this delay in the chenge in lift-—<curve slope indicates a delay in
the formation of the separation "bubble" as the Reynolds number was
Increased. This agrees, at least qualltatively, with the scale effect
previously noted for the wings of triangular plan form and round leading
edges (reference 2).

: Although the lift—curve slopes at moderate angles of attack showed

rather large variaetlons with changes in Reynolds number, the varlation
of Reynolds number had very little effect om the lift—curve slope near
zero angle of attack. Lift—curve slopes (neer zero angle of attack) are
shown plotted egeingt sweep engle, espect ratlo, and taper ratio In
figure 18. The gemeral trends of the variations with chenges in the
plan—form pearameters eare shown to agree with those shown by the
theoreticel values teken from reference 6, although for moderste sweep
angles the absolute velues are not always ln good agreement. The datae
with leading-edge roughness show that generally the effect of roughness
on lift-curve slope ls smell and the shape of the 1ift curves obtalned
with leading-edge roughness agrees falrly closely wilth that obtained for
the smooth wing at—the same Reynolds number, '

Maximum 131ft.— Maximum 1ift coefficlents of the wings tested at a

Reynolds number of 3.0 X lO6 wlth and without Half—span split flaps ere
shown in figure 19(a). These data show large increages in meximm 1ift
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coefficient of the plain wings as the sweep is increa.sed_ either
positively or negatively. The flap effectiveness decreases , however, as:
the sweep is increased and the résulting mesximum 11ft coefficlents with
split flaps decrease with increase in positive sweep angle. In fact, for
the 60° sweptback wing the addition of split flaps actuslly decreased
the meximum 11ft coefficlent. With a sweepback angle of 45° and taper
retio of 0.6 the maximum 11ft coefficlent d.ecreased. 8lightly with
increasing aspect ratio from 2 to 6 but with 1|-5 of sweepback and an .
agspect ratio of 4 the change in maxinnxn_l 1ift coefficlents with a change
in taper ratio from 0.3 to 1.0 was negligible. The flap effectlveness
on the meximm 1ift coefficlent was negligible for a sweepback angle

of Ls° regardless of aspect ratlo or taper ratio.

JIn meny cases, however, the pltching-moment curves break in an
unstable directlon at 1ift coefficlents well below the meximmm, The

_ highest 1ift coefficlent reached before these unstable changes In’

plitching moments take place (CLS) are ghown plotted egalinst sweep angle,

sspect ratio , and taper retio in figure 19(b). No unsta'ble change in
pitching-moment slope occurred for the wings of 0° and 30 of sweep or
for the U45° sweptback wing of aspect ratio 2 so the actusl meximm 1i1ft
coefficients are plotted for these wings. For sweep angles gresater
than 30 Increases 1n sweep angle or in aspect ratio decrease the 11ft
coefficient at which the umstable bresk takes placé; whereas chenges in
taper ratlo have little effect. The addition of the helf—span split
flap Increases the 1lift coefficient at which the pitching moments breek

.unstable Por all of the wings except the 45° sweptforward.

The effects of variation in Reynolds number on eilther maximum 11ft
coefficient or on the 1lift coefficlent for the umstable pitchling-moment
break were small in all cases except for the 30° sweptback wing (fig. 6)
which showed a higher meximm l1ift coefflclent at a Reynolds number

of 6 x 10 then for Reynolds numbers elther asbove or below this value.
This phenomenea must be assoclated with some pecullar scale effect on the
laminer flow around the leading edge since the additlon of leading—edge
roughness decreased the meximum 1ift to approximastely the velue obtalned
at other Reynolds numbers. Aside from this isolated instance, leading—
edge roughness has very little effect on the 1ift characteristics of any
of the wings tested.

The effects of cha.nges in alrfoll sectlon on the 11ft coefficlent
&t which the unstable pitching—moment breek occurs may be deduced from
a comperlisgon of these data with other previously published dete.  Data .
for a wing having plan—form parameters (40-1~0.625) roughly similar
to the 45-4-0.6 wing tested in this investigation but with cilrcular—arc
sections are presented in reference 9. These data show that the 1ift
coefficient at which the wmstable pltching—moment bresk occursg ls

spproximetely the game for the clrcular—erc wing as for the
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6—percent—thick low—drag wing. Data in references 10 snd 11 for two
wings (4LO-4-0.625 and 50-2.90.625) having airfoil sections 9.6 and
7.8 percent thick, respectively, (and, therefore, larger leading-edge
radil than the 6—percent—thick wings) show that the pltching—moment
break occcurs at appreclably higher 11ft coefficlents than would be
indicated by the data of the present investigation for wings of roughly
gimilar plan form and 6—percent-thick sections. It seems .likely
therefore that, for wings swept back approximately h5°, the changes in
leading-edge radius corresponding to decreases 1in thickness ratio
below 6 percent will have little effect on the 1ift coefficlent at which
the pitching moments bresk unstable but that this 1ift coefficlent maey
be raised substanttally by relatively small Increases in thickmess.

Pitching momentsg.— An examination of the pitching-moment data in
figures 4 to 12 ghows that abrupt varlations in the slope of the pitching—
moment curve occur at 1lift coefficlents well below maximum 1ift for
nearly all of the wings tested. In all cases except the 0-4-0.6,
the 30-4~0.6, and the 4L5-P-0.6 wings, unstable varilations occurred.
These changes in pltching-moment cheracteristices are in agreement with
the bouniery curve for stability at hiligh 1lift coefficlents presented in
reference 12. The unsteble changes in the piltching-moment curves occur
at the same 11Fft coefficlent as the shifts In the spanwise center of
pressure (fig. 20), which would indicate that this instability can be
attributed to complete separation over the tip sections of the swept—
back wings. The inboard movements of spanwlse center of pressure shown
in figure 20 Indicate appreclehle tip stalling even for those gweptback
wings for which there are no unstable varistions in the pitching moment.

At 1ift coefficients below those at which the unstable pitching—
moment changes occur, smaller changes Iin pitchlng moment which are
generally in a stable direction can be noticed in the data for the
sweptback wings. These stable changes begln at approximately the same
1ift coefficient as the increases in lift-—curve slope and are spparently
a result of the separatlion—vortex—flow patterm. The previously noted
stable breaks i1h pitching moment at maximum 1ift for the 0-4—0.6,
30-4-0.6, and 45-2-0.6 wings seem to be caused by the final complete
stall but, for the 45° gweptback wing of espect ratio 2 at least, the
gradusl change In the stable direction at lower 1lift coefficients should
be attrlibuted to the action of the vortex., Decreases in aspect ratio
"and increases in taper ratio cause increases in the magnitude of the
steble change. These effects of change In plan form are identlicel to
the previously noted effects of changes in plan form on the lift—curve
glope Increase. The center—of—pressure data presented Iin figure 20
show thet the stable changes in pltching moment can be attributed to
rearwerd shifts in the chordwise centers of pressure which are sccompanied
by relatively small or srratic shifts In epanwlse center of pressure.

. These rearward shifts in center of pressure are probably caused by the
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fact that the leading—edge separation decreasses the magnitude of the
leading—edge pressure pesks while the chordwige extent of the decresased
pressure increases {reference 7).

In genersal, the o'bserv'a.tio:;s made above for the unflapped wing
epply to the data for the wings with half-spen split fleps alse., Im
the range of 1lift coefficlents where the stable changes in pitching
moments occur, the changes in pitching-moment charecteristics which
occur as a result of the addition of leading—edge roughness sre small.
The slopes of the pitching-moment curves seem to show falr sgreement
with asrodynamic—center positions given in reference 6 (see fig. 21)
except for the 60° wing which shows & more forward aerodynemic—center
position then the 45° wing, whereas the theory would. mdicate a
rearward shift.

A conslderatlon of the loading added by deflection of the half-—
gpan spllt flaps on the varlous wings Indicates that increasing angle of
sweepback, aspect ratlio, or taper ratio will cause the centrold of the
added load to move forward wlth respect to the quarter—chord point of
the mean aesrodynamic chord. The data show that increasing any of the
three plan—form paremeters does cause & decrease in the negative
pitching—moment lncrement caused by flap deflection and that positive
increments in pliching moments at zero 1ift actually result from
deflecting the flaps on the 60° sweptba.ck wing and the 45° sweptback
wing of aspect ratio 6.

Drag characterigtics.— The lnduced drag polar has been plotted on
figure 10(a) to show & typical variation in the magnituds of the profilse.
drag coefficients. The 1lift coefflclent at which appreciable divergence
between the 1nduced drag polar and experimental values of drag coef—
ficient begine agrees gquite clogely with the 1lift coefficient at which
the lift—curve slope begins to increase. The increase in drag at this
point could be expected because of the large decrease in the wvalue of
the peak negatlve pressure accompenying leading—edge separation.

Wing—root bending momentg.— The data for these wings show that the
wing—root bending moments sre roughly linear up to gbout the 1ift coef—
ficlent at which the pitching-moment bresk occurs. The spanwlse centers
of pressure shown in flgure 20 help to show the changes which take place
in the loading on the wings. The spanwlse centers of pressure are
generally constant at moderaste 1l1ft coefficients and move rather reapidly
inboard for the sweptback wings and outboard for the sweptforward wing
at high 1ift coefficients.

Values of the spenwlse center of the additional load distribution,
Indicated by the slope of the bending—moment curve through zero lift,
are shown plotted against the various plan—form parameters in figure 22,
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Thege data show good agreement with calculated values except for the
wing with aspect ratio 6 and the wing with taper ratio 0.3. In both
of these cases, the spenwise center of pressure 1s farther inboard
than indicated by the computatlions.

Cherscteristics of 45-4-0.6 Wing with Hinged Leading-Edge Flap

Data are shown 1in figures 13 to 17 on the characteristics of the
45-4-0.6 wing equipped with & hinged leading-edge flap at a Reynolds

number of 4.5 X 106 both with and without belf—span gplit flap.
Deflections of 10°, 209, 30°, and 4OC were tested for leading—edge—

flap spans ranging from 0.37% to full span. These data show that the

full-span leadling—edge flap deflected 30° provided a desireble veris—
tion of pitching moments up to the highest 1i1ft cgefficients of-any of
the combinatlions of leading-edge—flap span and deflection tested
(about 1.1 with half—span split flap deflected}. None of the configu—
retions tested however provided stable pitching-moment veriatlions
throughout the entire range of 1ift coefficlents. It may be noted that
the half-span leading-edge flap deflected 30° provided a stable varias—
tion in pltching moments at high 1lift coefficlents although the over—all
pitching-moment variation.could not be considered deslrable. Use of
the leading—edge flap alsgo provided apprecisble reductions in drag at
high 11ft coefficlents,

In an attempt to delay spanwise flows and, therefore, improve
the pitching-moment verlatlon at high 1ift coefficlents, chordwise

fences were instelled on the wing with the 0.75% leading—edge flap

deflected 30°. Use of the fences at the positlons tested increased

the maximm 1ift coefficlent and the 1lift coefficlent for the piltching—
moment break sllightly but caused no improvement in the directlon of

the pitching-moment breek at stall.

Data for a number of sweptback wings eguipped with leasding-edge
high~1ift devices are contained in references 9 to 11 end 13 and 1k,
The data for a wing of aspect ratio 3.5, sweerback of h5°, end circular-
arc section (reference 1k) show that none of the configurations of
leading—edge—flap span and deflections investigated provided completely
satisfactory longitudinael stabllity characterlstics throughout the entire
lift=coefficient range. A hinged leading—edge flap coverling 50 percent
of the span produced stable moments at the stall for a 35° sweptback
wing of aspect ratio 6 with NACA 6&1—112 airfoll section, but only when

used in conjunction with a fence at 50 percent of the semispan (refer—
-ence 13)}. Data in references 9, 10, and 13 show that extensible
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leading-edge flaps, on the other hand, are capable of producing stable
pltching—moment varlaetlons at the Ertall for wings having sweepback
angles of 35° and 40° and NACA low—dreg alrfoll sections and for a wing
having a sweepback angle of 40 and circular—arc section, whereas a

50° sweptback wing with low—drag alrfoil (reference 11) requires a fence
to obtain stable pltching-moment varlations at stall. Tt seems likely
therefore that a properly designed extensible leading—edge flap should
provide stable pitching—moment variations for the wing tested 1n thils
investiga.tion (45-4-0.6).

CONCLUSIONS

. The resulﬁs of an investigation to determine the effect of sweep,
taper ratio, and aspect ratio on the aerodynamic characteristics of

wings with an NACA 658006 alrfoil section led to the following conclusions:

(1) The trends of veriations in lift—curve slopes, aserodynamic—
center positions, and spanwise centers of pressure for low 1ift coef—
ficients agree falrly well wlth those predicted by msans of existing
methods of calculation.

(2) For the wings with lerger sweep angles, increases In lift—curve
glopes and stable chenges in pitching-moment slopes occur at moderate
1ift coefficients, apparently as a result of a vortex—~flow pattern over
the wing following. leading-edge separation. These changes are Increasged
in megnitude by increases in taper ratio or decreases in aspect ratio.

(3) Rather abrupt unstable changes in pitching moments take place
at 1ift coefficlents well below maximum for nsarly all of the highly
swept wings. Increases ln sweep angle or aspect ratlio decrease the 1ift
coefficients at which this unstable break occurs;’ whereas changes in
taper ratio cause relatively smell changes. Deflection of a half—spen
split flap increases the 11ft coefficient for the unstable break for all
of the wings tested except the 45° sweptforward wing.

(&) Tncreases in sweep angle ceause increases in maximm 1ift coef— .

ficient of the unflapped wings for either positlve or negative sweep.
Flap effectiveness on maximum 1ift decreases ag the sweep angle is
increa.sed and is asctually negstive for posi‘bive sweep angles greater

than ll-5 « Increasing aspect ratlio of a 11-5 sweptback wing decreases

maximum 1ift, but changes in taper ratio have llittle effect.

(5) Deflection of a full-span hinged leading—edge flap 30°
provides the largsst increase 1n the lift coefficient for the umstseble
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pltching-moment break of any of the cambinétions of leasding-edge~flap
span and deflection tested but did mot produce a stable pitching-moment

variation at the stall.

(6) Scale effectes on aerodynemic characteristics were confined to
the more highly swept wings and consisted principally of a delay In the
1lift coefficlent at which the lncrease in lift-curve slope occurs.

Langley Aeronsutical Laboratory
National Advisory Committee for Aeronsutlcs
Langley Air Force Bage, Va.
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Variation in sweep angle

Figure 1.~ Plan-form characteristice of wings teated.
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Figure 2.- Leading-edge flap and fences on 45° sweptback wing.
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The #5-i-0 .6 wing modsl

gTI061 We YOUN

(a) Lealing-ede® glap retracted
nptalled in Tangley two—dimanﬂimal 1 gw~turbul

emoo presgure toomel. o
1"'







. 1. s,

(b) Wing with 0.753 leading-edge flap deflected 30° and with fences.

Tigure 3.- Concluded.
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